. The pulse trawl requires less fuel to tow the gear over the sea floor and catches about 30% more sole per hour fishing than the traditional beam trawl (Poos et al., in prep) .
Since the use of electricity in catching fish is prohibited in the EU, vessels operate under a (temporary)
exemption. The legal basis of the exemptions and the number of licenses issued is given by (Haasnoot et al., 2016 One of the research programmes is collecting catch and effort data of all pulse trawlers when fishing for sole. The objective of the project is to obtain insight in how pulse fishers exploit flatfish resources on local fishing grounds and how this affects the catch efficiency. It is at the local scale that fishers impact the ecosystem and that fishers may compete with other fishers (Rijnsdorp et al., 2011; Branch et al., 2005; Eigaard et al., 2017; van Denderen et al., 2015; Sys et al., 2016) . Knowledge on the behaviour of pulse fishers will provide the background to understand for instance the processes that affect the catch efficiency of the gear, provide insight in how pulse fishing activities affect local catch rates and provide insight in the impact on the benthic ecosystem.
It is common knowledge that a change in fishing technology improves either the catch efficiency of the fishing operations or reduces the cost of fishing (Eigaard et al., 2014) . Changes in catch efficiency may have important consequences for the sustainable management of a fisheries, for instance due to the introduction of bias in the time series of catch per unit of effort as a measure of the trend in fish stock biomass ). An improved catch efficiency may also give rise to an increased competition among fishing vessels. The transition of the otter trawl to the beam trawl in the flatfish fishery resulted in an arms race where new and more powerful beam trawlers outcompeted smaller vessels in catching sole .
The catch efficiency of a gear is not only determined by the proportion of the fish in the path of the trawl that is caught, but also by the possibility to deploy the gear on the fishing grounds with the highest abundance of the target species. The location choice of a fishing vessel is expected to be a trade-off between the expected catch rate and species composition and the risk of damaging the gear.
The analysis of high resolution information on the distribution of beam trawl vessels revealed that vessels avoided areas with a rough seafloor (Rijnsdorp et al., 1998; Hintzen et al., 2018 ). An analysis of the hot spots, areas where the fishers concentrated their fishing activities over several years,
showed that beam trawlers targeting sole concentrated their trawling activities in warmer, shallow, dynamic, nearshore habitats, and within these specifically the depressions between sand ridges.
Hotspots of beam trawlers targeting plaice occurred in the exposed, non-muddy flanks of the Dogger Bank and similar large-scale elevations (50-75 km) where especially the ridges of smaller sand banks are used. (van der Reijden et al., 2018) .
A comparison of the spatial distribution of the pulse trawl fleet and the traditional beam trawl fleet showed that both fleets exploited similar fishing grounds although the fishing intensity in the German Bight has reduced and the intensity in the south-western North Sea has increased (Turenhout et al., 2016) ; (ICES, 2018 ). An analysis of the habitat preferences of the pulse and the traditional beam trawl showed subtle differences (Hintzen et al., in prep) . The lack of clear differences in distribution between pulse and traditional beam trawlers contrast anecdotal information from the fishing industry that vessels that switched to pulse trawling were able to fish in specific areas (muddy grounds) where traditional vessels were unable to fish and where large concentrations of sole occurred.
In order to efficiently catch sole or plaice, fishers need to find the fishing grounds where the highest concentrations of their target species occur (Poos and Rijnsdorp, 2007a; Rijnsdorp et al., 2011) . The areas varies seasonally due to the seasonal migrations between feeding and spawning areas and the annual offshore migration of young fish from the inshore nursery grounds. Superimposed on the seasonally varying distribution patterns, sole and plaice may temporarily concentrate in specific locations with a rich food availability (Shucksmith et al., 2006) .
The fishing pattern of beam trawl vessels during a fishing trip has been studied by Rijnsdorp et al (2011) using detailed information on the location and catch rate of individual tows. They showed that a vessel alternates periods of searching, where the successive tows do not overlap, with periods of the exploitation of local grounds, where successive tows are taken close to each other. The catch rate of exploitation tows was significantly higher than during searching tows. During the exploitation period, the catch rate gradually decreased to the background catch rate of the searching tows.
In this study we analyse the location and catch rates of pulse trawlers reported for individual tows to describe the fishing patterns and compare these with the fishing patterns of traditional beam trawlers based on data collected in the first half of this century. We expect that pulse trawlers will show similar fishing patterns during a trip with alternating periods of searching and exploitation. However, since the catch efficiency of pulse trawlers for sole is higher, we expect that the rate at which the catch rate decreases during an exploitation event will be higher and that the duration of an exploitation event will be shorter.
Material and Methods

Logbook data
Pulse trawl vessels. Weekly data sheets were collected by the producers organisations (PO's) and checked for errors in data format or missing information. In case of data problems the PO's contacted the skipper to solve the problem. Corrected data sets were send to Wageningen Marine Research where the data are stored in a central data base which is only accessible for authorised persons. To warrant the confidentiality of the data, the vessel identity in the data sets used for the analysis is replaced by a unique code. WMR ran another quality control check to test amongst other for the agreement of the reported catches and the total trip catch as reported by the skipper in the mandatory EU-logbook. Table 1 shows the number of trips which fulfilled the quality control criteria and were used in the present analysis. 22% of the trip data sets were not included in the analysis because of erroneous time recordings. Time constraints prevented the correction. Criteria for quality assurance were set high to avoid unnecessary noisy data for the analysis of the fishing patterns.
Tickler chain vessels.
A data set of catch weight of sole and plaice species and the positions per tow was available for beam trawl vessels from a previous study (Rijnsdorp et al., 2011) . Here we used a selection of the fishing trips targeting sole with a mesh size of 80mm which is restricted to the area south of 55oN -west of the 5oE, and south of the 56oN -east of the 5oE.
The data set used in the current study contained information of just over 100 thousand tows of pulse trawlers and 86 thousand tows of traditional beam trawlers.
Analysis of fishing patterns 4.2.1 Exploitation and searching tows
The alteration of searching and exploitation was analysed using the approach of Rijnsdorp et al (2011) . First we determined fishing grounds based on the spatial concentration of individual tows using a cluster analysis (R-function rdist.earth, library fields). This method forms disjunct clusters of tows based on geographic distance between two tow midpoints estimated according:
where y1 and x1 are the position latitude and longitude in decimal degrees of the first tow, and y2 and x2 are the position latitude and longitude in decimal degrees of the second tow. The distance is expressed in nautical miles. The analysis of single vessels yields an estimate of fishing grounds as perceived and exploited by individual vessels. Tow midpoints less than h nautical miles away from another tow midpoint were clustered with at least 2 other tows and considered to represent a fishing ground. These tows were interpreted to belong to an exploitation event. Tows that could not be clustered represent searching, while tows clustered with one other tow was considered to represent sampling. Figure 1 presents an illustration of the fishing pattern during a trip.
Setting the distance criterion
In their analysis of the BT data, Rijnsdorp et al (2011) set the distance criterion h at 4 nautical miles.
The rationale for this choice was that it was the smallest distance at which the estimated contrast between the catch rate of the clustered tows and the non-clustered tows fell within the 95% confidence interval around the maximum contrast. They used the catch rate of sole and plaice combined as a proxy for the revenue.
Although the use of a constant distance criterion for all vessels is acceptable if the fleet is homogeneous with regard to the towing speed and haul duration, it is less appropriate if vessels vary in towing speed and haul duration. Because the PT and BT fleets studied here show clear differences in towing speed and haul duration, and also include both Euro cutters (221kW) and large vessels (about 441 kW), we used a distance criterion for each individual vessel based on the observed mean haul duration of each vessel and the mean towing speed of their gear type (PT, BT) and engine class (Table   2 ).
Catch rate during searching and exploitation
The catch rate (kg/hour) by each tow i in trip j and vessel k was log transformed and standardised to the geometric mean catch rate during the trip.
Decline in catch rate during exploitation
The time trend in the catch ( ) of sole during exploitation events was analysed using a mixed effect model. We used a negative binomial distribution with a logarithmic link function to allow for overdispersion:
where is the expected catch in tow i in trip j of vessel k, and θ is the dispersion parameter accounting for over-dispersion, ln ( ) is the offset to take account of the differences in haul duration (d) of individual tows and is the linear predictor including both random effects for individual fishing grounds nested within ship and the following fixed effects.
In the fixed part of the model we also included haul duration because we observed that the catch rate decreases with increasing haul duration. To resolve convergence problems, was expressed in days and not in hours. Since most catches were recorded in multiples of 5kg, or sometimes even 10 kg, the sole catch was converted into 5-kg bins before analysis (0= 0kg, 1 = 0-4kg, 2 = 5-9kg, etc). This conversion affects the estimated intercept but does not affect the estimated rate of decline during exploitation.
The analysis was carried out with R version 3.3.0 (R core team 2016-05-03) and the lme4 library.
Fishing patterns at the individual vessel level and the fleet level
Fishing grounds may be exploited by one or more fishing vessels. To study the distribution of the fleet the fishing grounds of individual vessels (ic) were merged if the distance between any pair of tows of vessel i and vessel j was less than one nautical mile apart (fc). Results
Fishing pattern of individual vessels
The characteristics of the fishing patterns of pulse trawlers and traditional beam trawlers are very similar. Both pulse and beam trawlers have a higher catch rate 1 during the exploitation of a fishing ground as compared to during searching or sampling (Table 3 ). The contrast in catch rate between exploitation and searching or sampling does not differ much between pulse trawling and beam trawling. The sole catch rate on a fishing ground is 0.217 times higher than during searching and sampling for PT and 0.229 higher for BT. For plaice the contrast is lower in particular for PT: 0.088 (PT) and 0.157 (BT). Vessels may leave a fishing ground and revisit the same ground later during the trip. The catch rate during the first visit is generally higher than during revisits during the same trip.
Pulse trawlers (PT) deployed 73% of their tows while exploiting a fishing ground as compared to 69%
in traditional beam trawlers (BT). The proportion of tows spend searching (or sampling) by PT (21% and 6%) is lower than in BT (24% and 7%). The percentage of tows deployed while revisiting a fishing ground is lower in pulse trawling (26%) than beam trawling (31%).
The average number of tows taken during an exploitation event was quite variable among vessels ( Figure 2 ). BT vessels took on average between 6 and 19 tows (median = 13.0). The number of tows was higher for PT vessels. Large PT vessels took between 8 and 25 tows (median = 16.4) and small PT vessels took between 8 and 27 tows (median = 18.8).
The catch rate on a fishing ground was highest in the centre where tows are closer together than in more peripheral areas. Figure 3 shows that the catch rate in the centre of a fishing ground, estimated from the tows that are clustered at h=1, is on average 0.34 times higher than the back-ground catch rate and decreases to the back-ground catch rate in tows that are clustered at k>=7 nautical miles.
The pattern in catch rate of BT and PT is very similar.
During an exploitation the average catch rate of sole decreased by -0.0369 (SE = 0.0139) in small pulse trawlers and -0.0697 (SE = 0.0061) in large pulse trawlers, corresponding to a decrease of 3.6% and 6.7% during a 24 hour period, respectively (Table 4 ). The rate of decline in catch rate in large beam trawlers was higher (-0.162, SE = 0.0192) corresponding to a decrease of 14.9% during a 24 hour period. The change in catch rate was estimated with a mixed effect model including a random intercept and slope for vessel / fishing ground, where fishing ground was nested within vessel.
Including a random slope into the reference model improved the model fit. To take account of the diurnal pattern in catch rate observed in sole, the time of day (time) was included as (sin(time) + cos(time)) in the fixed part of the model. Loge transformed haul duration was included as an offset to estimate the time trend in the catch rate of sole. It was also included as a covariate in the fixed effect part of the model because the catch rate of sole was higher in short hauls.
The slope in catch rate estimated by the fixed part of the model represents the average slope of all fishing grounds observed in the data set. The variation in slope among vessels or trips among vessels, estimated by the random parts of the model, is relative small ( Table 5 ). The variation in the slope among fishing grounds (ID.visit:ship in Table 5 ), however, is larger. The negative correlation between the random intercept and slope in catch rate among fishing grounds, which varies between -0.04 in BT and -0.37 in small PT, shows that the decline in catch rate is slightly faster on fishing grounds with a higher catch rate (Table 5 ).
The analysis further showed that the catch rate of sole showed a diurnal pattern with highest catch rates observed around midnight and lowest catch rates during the day. The diurnal patterns estimated for the pulse trawlers and beam trawlers are quite similar, with the largest difference between day and night in Euro pulse trawlers (results not shown).
The decline in catch rate on a fishing ground was further explored by repeating the analysis for fishing grounds defined using a range of distance thresholds. Figure 4 shows that the decline in catch rate was faster when only tows are selected that cluster at a distance of h=1 nautical miles. Relaxing the distance criterion, thus including tows at a larger distance from the core of the fishing ground, reduced the estimated rate of decline in catch rate. The rate of decline was faster in BT as compared to PT irrespective of the distance criterion used.
No pattern in the distribution of the residuals was apparent (Appendix 1).
Fishing patterns at the level of the fleet
Of the 5850 fishing grounds distinguished during the study period, 3573 (61%) were exploited by a single vessel and 2277 (39%) were exploited by two or more vessels. Vessels differed in the proportion of fishing grounds shared with other ( Figure 5a ). The proportion fishing grounds shared with others ranged between 0.08-0.67. Fishing effort on shared fishing grounds was higher than on the fishing grounds exploited by a single vessel only. Of all exploitation tows, 51% were taken on shared fishing grounds. The proportion of tows taken on shared grounds ranged between 0.17 and 0.88 between individual vessels (Figure 5b ).
Discussion
This report presents the results of an intermediate analysis as it is based on the data collected up-to 30 September 2018. Because the logbook project is still ongoing, the results are preliminary and will be updated in the final report based on the complete data set that will become available at the end of this research project.
The fishing pattern of pulse trawlers closely resembles the pattern observed in traditional beam trawlers which comprises of alternating periods of searching and exploitation (Rijnsdorp et al., 2011) .
The exploitation tows occur closely together and reflect the exploitation of a single fishing ground. We interpret the difference in catch rate between exploitation and searching tows to reflect how the local fish density on a fishing ground is elevated relative to the back ground density. Pulse fishers experienced a difference in catch rate between exploitation and searching very similar to the difference experienced by beam trawlers, but the ratio between exploitation and searching tows was slightly higher in pulse trawlers. This suggests that pulse trawlers are able to continue fishing on a local fishing ground longer than a beam trawler. Comparison of the number of tows of an exploitation event between pulse and beam trawlers indeed showed that pulse trawlers took more tows on a fishing ground than beam trawlers, while they experienced a slower decline in catch rate than a beam trawler.
Although the differences in fishing patterns between PT and BT are internally consistent, they don't match the expected consequences of the higher catch efficiency of the PT reported by Poos et al. (in prep) and ICES (2018). As PT are almost 30% more efficient to catch sole, one would expect a more rapid depletion of the sole biomass on a local fishing ground and a shorter stay on a fishing ground (shorter duration of the exploitation event and fewer tows). How can we understand these results?
The dynamics of a local aggregation of fish on a fishing ground is determined by the intricate interplay of the depletion due to exploitation and the immigration and emigration of fish. The local aggregations of beam trawl fishers are linked to local aggregations of their target species (Rijnsdorp et al., 2011;  this study). These local aggregations are ephemeral and may disappear after a few days to a few weeks (Poos and Rijnsdorp, 2007a; Rijnsdorp et al., 2000b) . We hypothesize that the dynamics of these local aggregations of fishing vessels reflect the dynamics of the local aggregations of fish, which reflect the occurrence of dense patches of food. The ephemeral character of the local aggregations of fishers may be due to the depletion of the food resources, for instance the spatfall of benthic invertebrates, by the flatfish.
If there is a local hotspot of food available, flatfish will immigrate in the area and gradually deplete their local food resources. The build-up of fish biomass will be slowed down when fishers aggregate in the area or may even decline if the exploitation rate exceeds the immigration rate. The situation, however, is more complex because fish also respond to fishing activities. Fish may be attracted to a fishing area because bottom trawling may enhance the food availability by damaging or killing benthos (scavengers), (Fonds and Groenewold, 2000; Kaiser and Spencer, 1994) . On the other hand, fish may avoid the fisheries disturbance. Fish may swim away from a fishing ground, which will reduce the density of fish, or may avoid the fishing gear but remaining on the fishing ground. The latter mechanism is likely to play an important role in the interference competition between fishers (Gillis, 2003; Gillis and Peterman, 1998; Poos and Rijnsdorp, 2007b) . Interference competition may have driven the arms race among beam trawlers since its introduction in the 1960s and may apply to the interactions between pulse trawlers and beam trawlers (Sys et al., 2016) . The catch rate of a fisher, therefore, does not only depend on the density of fish but also to the density of fishing vessels. Increasing the number of fishing vessels on a fishing ground will result in a reduction of the catch rate due to interference competition (Poos and Rijnsdorp, 2007b; Rijnsdorp et al., 2000a) .
The difference between pulse and beam trawlers in the rate of decline in catch rate during the exploitation of a fishing ground will not only be affected by the exploitation rate -pulse trawlers being about 30% more effective in catching sole (Poos et al., in prep) -but also by the number of vessels exploiting the same fishing ground. The decline in the size of the flatfish fleet may explain the slower decline in catch rate of pulse trawlers. The difference between pulse and beam trawlers may also be due to a difference in the response of sole to the trawling disturbance. Sole may be more likely to swim away from a fishing ground fished with heavy tickler chain beam trawl gear that are towed at a higher speed as compared to fishing grounds fished by pulse trawlers towing lighter gear at a lower towing speed.
The results of our analysis do not support the concerns raised by small scale fishers and environmental NGO's that pulse fishers deplete the local fishing grounds, because the catch rates of pulse trawl vessels appear to decrease at a slower rate than observed in traditional beam trawlers, and because pulse trawlers remain on a local grounds longer than traditional beam trawlers. However, because the lower catch rate of local fishers may be due to interference competition similar to the competition reported between Dutch pulse fishers and traditional Belgian beam trawlers (Sys et al., 2017) further analysis is needed to study the role of interference competition and the response of sole to trawling disturbance by beam trawls and pulse trawls.
In this report, we have focussed on the analysis of the fishing pattern of individual fishers. The results provide the detailed information on what happens on the local fishing grounds which is fundamental to assess the impact of the pulse trawl fishery and beam trawl fishery on the fisheries resources and on the benthic ecosystem. The next step will be to analyse the weekly fishing patterns of the whole fleet in order to estimate the dimensions of the fishing grounds and to explore how the fishing patterns of the fleet change from week to week. The study of the total pulse fleet provides a unique data set to study not only the dynamics of the whole fleet, including the interactions among pulse vessels, but also provides a solid basis to study competitive interactions with other fisheries. Table 3 . Average loge transformed catch rate relative to geometric mean catch rate during the trip of sole, plaice and revenue (4*sole + plaice) in exploitation, sampling and searching tows, and during exploitation tows of successive visits (visit = 1 to 5) to the same fishing ground in the same fishing trip. The relative catch rate during searching and sampling tows is presented under visit = 0. On the basis of this accreditation, the quality characteristic Q is awarded to the results of those components which are incorporated in the scope, provided they comply with all quality requirements.
The quality characteristic Q is stated in the tables with the results. If, the quality characteristic Q is not mentioned, the reason why is explained.
The quality of the test methods is ensured in various ways. The accuracy of the analysis is regularly assessed by participation in inter-laboratory performance studies including those organized by QUASIMEME. If no inter-laboratory study is available, a second-level control is performed. In addition, a first-level control is performed for each series of measurements.
In addition to the line controls the following general quality controls are carried out:
 Blank research.
 Recovery. 
